Most of the work reported in the literature regarding bacterial rennin deals with its distribution or methods ofpreparation. No systematic attempt has been made, it seems, to study any one kind of bacterial rennin from the standpoint of its behavior compared with the behavior of calf rennin. This method has however been applied in the investigation of plant rennins and has yielded information of interest.
tein-rich media. O'Heir (1906) used alkali as a means of differentiation between acid and rennin curds. Ayers and Johnson (1910) in a detailed investigation of the effects of bacterial growth in milk proposed a classification of bacteria which did not include the rennin forming bacteria as such. Waksman (1919) studied the production of rennin by certain species of Actinromyces and classified them on the basis of coagulation and peptonization of milk. This investigator also noted the formation of rennin-like substance in a synthetic medium. His researches indicate that rennin and protease are distinct enzymes. More recently Gorini (1920) has extended his previous work with respect to lactose fermenting and proteolytic bacteria. Waksman (1922) has also called attention to the relative effect of temperature on the interaction between rennin and proteinase with casein. Conn (1922) has reported a new method for the detection of bacterial rennin. Frazier (1925) has studied the production of rennin in milk and has devised a method for the separation and purification of the substance.
In the following pages are recorded some observations on the rennin of Bacillus prodigiosus. These experiments fall into the following groups: In an attempt to find a suitable medium for rennin production, peptone, gelatin, and casein solutions have been tried. The protein concentration was varied from 0.1 to 1.0 per cent. It was found that when the organism in question was grown in such media for a period,of from two to three weeks, the cultures, when treated with phenol and mixed with milk in equal parts, induced clot formation. The time required to bring about clotting varied somewhat but on the whole was rather long, from three and one-half to five and one-half hours being necessary in most instances. These results however showed that rennin-like substances were formed from complex proteins alone. The delayed clotting time, it seemed, might be due to the nature of the media or to the presence of inhibitory substances, either in the way of products produced or in the way of excess or unused protein. For this reason it was deemed highly desirable to use a simpler medium of definite composition. Diehl (1919) in his work on proteolytic enzymes used a medium of definite composition with which he obtained growth as well as enzyme formation. The writer has tried various synthetic media, but has found the one used by Diehl to be more satisfactory than most others. This medium has been modified somewhat to suit conditions. As used in these experiments ithasthefollowingcomposition on a liter basis: In the following experiments the medium used was the synthetic medium already mentioned, containing as sources of nitrogen 1.75 grams (NH4)2HP04 and 1 gram of aspaxagin per liter. The medium, put up in two liter flasks in liter quantities, was adjusted 
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-~~~~~~~~~~~~~~~~~~~1-to pH 7.2 and sterilized in the autoclave. As inoculum, a fortyeight hour culture of Bacillus prodigiosus in the same medium was used. After seven days of incubation at 370C., the reaction was found to be pH 6 and 1 cc. of the culture clotted 1 cc. of milk in thirty-five minutes. The culture was then stored in the icebox, portions being removed as needed for study.
4A. EFFECT OF CENTRIFUGATION
Ten cubic centimeters of media were centrifuged at a high rate of speed for about thirty minutes. This resulted in an abundance of sediment, the supernatant fluid being only slightly turbid. After removing the liquid, distilled water was added to the sediment, bringing the volume back to 10 cc. The mixture was then shaken and the clotting time was determined for the supernatant fluid and for the resuspended sediment. The findings are recorded in table 3. Clotting time was determined by adding 1 cc. of the test fluid to 1 cc. of phenol milk (milk 40 cc. + 2 cc. 10 per cent phenol). By gently inclining the tube at intervals, the first stage of clot-formation could readily be determined This is represented by the formation of macroscopic particles of casein and serves as a convenient end point. Table 3 brings out the fact that removal of the major portion of the cells from a culture does not interfere with its clotting properties. Hence clotting seems to be independent of the cell content of the culture. is due to loss of some volatile substance. To this end, two active solutions were used, one a solution of calf rennin and the other a culture of Bacillus prodigiosus. These were distilled separately and coagulation tests carried out with the distillate, the residue, and the reunited portions of residue and distillate. In no case did clotting occur, even after the reunited fractions were allowed to stand in contact for some time. From this it seems evident that during the boiling process, both solutions were inactivated in a manner which cannot be referred to the loss of volatile substances. Thermal death point studies were next undertaken for comparative purposes. The solutions used were Difco rennin 1 per cent, and an active culture of Bacillus prodigiosus in the synthetic medium previously discussed. Small test tubes, of as nearly uniform construction as possible, containing 1 cc. quantities of the rennin solutions, were subjected to the desired temperature in a saline bath for 1 minute. The tubes were then removed, chilled, and placed in a water bath at 30°C. and milk was added. In the case of calf rennin, 2 cc. of milk were added and in the case of In the case of calf rennin, the ratio of milk to rennin which yields the shortest clotting time is four, while with bacterial rennin this ratio is one. Too Table 9 shows the effects of the rennin volume on the clotting time, the milk volume remaining constant. In one instance the final volume was equalized by the addition of water, in the other, no adjustment was made.
As a general rule, increase in the amount of bacterial rennin brings about a decrease in the time of clotting up to the point where the volume of bacterial culture equals the amount of milk used. The final limit has not as yet been determined. In the case of calf rennin an increased time of clotting is to be observed where the concentration of rennin is either very large or very small, but intermediate concentrations yield optimum results. This fact has to be considered in attempts to verify the law of Segelcke and Storch. While it is not generally emphasized, the fact remains that this law is operative only under certain restricted conditions. It is hoped to carry out experiments along this line at a later date. This brings out another difference between the two types of renlin. The bacterial rennin is capable of clotting heated milk as readily as unheated milk. This is not true of calf rennin. Ac-cording to Heinemann (1919) heat tends to precipitate the calcium salts of the milk.
EFFECT OF CALCIUM IONS
To determine the effect of calcium on the coagulation of milk, the following method was used: To 5 cc. quantities of milk in a series of test tubes were added varying amounts of 0.9 M. calcium chloride, the final volume being kept constant. One cubic centimeter of the calcium milk was then withdrawn and mixed with the rennin solution. The coagulation time was determined at 300C. The results are shown in table 12. It has already been shown that the rennin of Bacillus prodigoisus has a higher thermal destruction point than calf rennin. We come next to consider the effect of heat on the clotting time. The method used was to measure out 1 cc. quantities of milk into small test tubes which were then placed in the water bath at the desired temperature. After two minutes, rennin solutions, previously warmed to the same temperature, were added. Findings are reported in table 13.
We note here that as the temperature increases the clotting time decreases. At temperatures higher than 50°C., this relation. ship soon fails so that at 60°C. no clot formation occurs.
EFFECT OF CEPHALIN ON CLOTTING OF MILK
Following the early work of Woolridge on the influence of phospholipins on blood clotting, Howell (1912) has shown that the observed effect is due to cephalin. Mills (1921) has brought out the fact that the power of lung extracts to hasten the clotting of blood is due to the same substance. Furthermore he has shown that in these extracts the cephalin occurs in combination with a globulin-like protein. The latter, according to Dorst and Mills (1923) , has anti-coagulating properties due to its cephalinbinding capacity (Mills, 1926) . The antigenic properties of lung and other tissue proteins has been investigated by Downs (1925) .
In view of these facts it has seemed pertinent to investigate the effect of cephalin on clotting of milk by rennin. Experiments carried out along this line have revealed the fact that dried gastric mucosa of the calf, when extracted with benzine for a period of nine days, is still capable of clotting milk. The residue obtained after evaporation of the benzine consists to a large extent of fat. If, however, the dried mucosa is first rendered fat-free, the benzine extract upon evaporation yields substances which form a turbid emulsion in saline. This would indicate that removal of the phospholipins does not inactivate the gastric ren in. Other experiments have shown that there occurs no increase in the activity of an aqueous extract of benzinetreated mucosa upon the addition of a saline emulsion of phospholipin from the same source. Emulsions of cephalin derived from train tissue according to the method of Mathews (1925) (Bergey, 1925) . While we have thus been unable to differentiate between protease and rennin on a purely qualitative basis, quantitative differences are apparent and indicate that in this instance the two substances are different. The fact that rennin does not follow the rule of specificity implied by Diehl with respect to proteolytic enzymes, points to the relative unimportance of the nitrogen group for its formation. It may therefore be a product of carbon metabolism. The long period of incubation required for rennin production in many instances might lead one to conclude that rennin is a product of cellular autolysis. While this possibility cannot be lightly dismissed, certain facts lend it but little support. Chief among these is our observation that autolyzed cultures do not readily clot milk. Another point in this connection is the fact that rennin yield is variable. Cer-tain cultures may readily clot milk n four to seven days, whereas other cultures otherwise identical fail to clot milk even after fourteen to twenty-one days. The reason for this difference is not yet apparent and work is being continued in the hope of finding the solution to the problem.
It is difficult to make any generalizations in regard to the comparative mode of action of the two types of rennin investigated. Differences are as a rule quantitative, rather than qualitative. Moreover the observed phenomena vary within certain limits. This variation is determined by the several factors influencing the final result. Thus, for example, rennin concentration, calcium concentration, casein concentration, and temperature are all operative at one time. Attempts have been made by investigators to so standardize conditions that results obtained with calf rennin may be comparable. This effort has not met with much success. The chief difficulty lies in the variation of milk and renin solutiona, not oirly with respect to concentration of the active ingredients but alNo with respect to the presence of inhibitory substances. These difficulties become accentuated when comparisons are made between two rennins of diverse sources. We believe however that the use of gastric rennin as a standard of comparison is of value since this substance has been more fully investigated than any other type. CONCLUSIONS 1. Rennin production by Bacillus prodigiosus occurs in media containing complex proteins, amino acids, and ammonia as sources of nitrogen. 7 Prodigiosus rennin coagulates heated milk more readily than does calf rennin.
